ABSTRACT
INTRODUCTION
C urrently, majority of the WBANs rely on the radio and microwave based technologies designed for the short range personal area networks. Chakraborty, et. al. [1] compares various standards and technologies along with their specifications available for WBAN. Hanlen, et. al. [2] , and Bilstrup [3] discusses several QoS (Quality of Service) issues in existing WBANs. Existing deployed technologies for WBAN do not necessarily take into account the special requirements posed by WBANs. Several benefits can be achieved by optical wireless communication using LED including lower cost, low power, no EMI (Electromagnetic Interference), unregulated spectrum, and extremely enhanced security.
In order to implement Optical Wireless Communication system practically using LED several challenges are to be dealt with. As discussed in [11, 12] , at higher frequencies the response of LED is limited supporting only few MHz Using VLC (Visible Light Communications) the authors in [11] achieve the transmission distance up to 1.7 meters with 160 0 field of view and transmission data rate of 100 KHz. They applied simple NRZ data while keeping the lighting fixed. In [13] , the authors have used Manchester coding to discuss the experimental results for the LED to reduce optical noise. They have not used any adaptive monitoring, feedback or optical filtering. The LOS link length is 1.65 meters with fixed illumination level supporting data rates of 1.25 and 2.5 Mb/s. Also they have used a pair of focusing lens and an amplifier rendering the design expensive. In [14] , some experiments and hardware options to increase transmission distance and data rate are discussed. Their achieved data rate and distance are 1.2 kbps and 1 foot respectively with simple NRZ ASCII (American Standard Code for Information Interchange) coding. Choi, et. al. [15] uses microwave system using ASK modulation to achieve data rates of 100 kb/s at a distance of 1 meter. Prince and Vibin [16] has established an LED based wireless audio communication system with 100 KHz audio signal. They performed experiments to test the link reliability with different angles and distances with OOK. Their achieved half power semi angle is 33 o whereas the distance is 3m. Hussain, et. al. [17] discusses the effect of increasing distance in VLC system as a significant reduction in the data rate. They have tested their transceiver designs for 3m link distance and with 2.5 Mbps data rate using OOK and LOS only.
In this paper we present the alternative to the radio and microwave BANs and analyze the O-WBANs by investigating the effects of ambient light, link distance, modulation/encoding schemes and Angle of receiver towards transmitter.
EXPERIMENT
Fig . 1 shows the experimental set up performed in the room with dimensions as illustrated in Fig. 2 .
The carrier wave and Information signal are generated by the function generators which are connected to the balanced modulator which can modulate upto 100KHz with ASK, FSK, and PSK schemes. The complete transceiver design is shown in Fig. 3 . Careful consideration is made in increasing the frequencies of carrier and the information signal to avoid over modulation. The output generated by the balanced modulator is about 600mV, incapable to drive an IR LED of 940nm wavelength directly, so an amplifier is used before LED as shown in Fig. 1 . It is observed that with the increase of frequency the LED gets dim making the receiver unable to detect the modulated wave. A silicon based PIN Thor LAB DT100A detector is used as the receiver as shown in Fig. 1 . The transceivers are placed on the desk at the center of the lab. In order to perceive the effect on the optical wireless communication link due to light variation the lights present in the room were switched ON and OFF. 
RESULTS AND DISCUSSION
Q-factors are used to experimentally evaluate the optical wireless link with different modulation schemes, ambient light and FOV variations. The measured Q-factors are then used to calculate the corresponding BER. Fig. 4(a-c) Fig. 7 . Among all modulation schemes FSK is
FIG. 2. ROOM DIMENSIONS

FIG. 3. TRANSCEIVER DESIGN FOR EXPERIMENTAL SETUP
observed to exhibit stable response. Fig. 8-10 shows the SNR versus BER curves for the three cased discussed above.
Data rate is tested using a binary ASK modulation. The required data rate of 100 kb/s for WBAN is succeeded with the link established in this paper. It is observed that the LED brightness is reduced with the increase in carrier frequency making the receiver unable to detect the modulated wave. For example, the amplitude of the received modulated signal is of the order of 178 mV peak to peak in Fig. 11(a) and 168 mv in Fig. 11(b) with 300 KHz carrier. This voltage is significantly reduced to 74 mV peak to peak at a carrier of 1 M Hz. Though the low data rate achieved is sufficient for BANs it can easily be improved with multiple stages of amplifiers at transmitter and receiver side. The data rate can also be improved with thresholding circuits at the receiver side after the amplification stage and filtering the noise. 
FIG. 4. EYE DIAGRAMS FOR ASK, FSK, 2-PSK AND 4-PSK (A) NO LIGHTS (B) TWO LIGHTS (C) FOUR LIGHTS
CONCLUSION
In this research work various parameters have been used to analyze the performance of Infra-red link established for WBAN. The parameters discussed here are ambient light, noise, modulation scheme, link distance, data rate and angular displacement of receiver from transmitter's LOS. The results demonstrate that an infra-red link can be used with such configuration for WBAN with sufficient accuracy up to the range of 7 feet (around 2 m) and can support data rate up to 100kb/s that is sufficient enough for the physiological waveforms and data which can further be improved. FSK is observed to be the most resilient modulation scheme. During the experiments it was observed that the ambient light effects the system performance severely; justifying the need to invest efforts to explore interference mitigation techniques.
